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Semi-leptonic decays of B-meson are known to be very sensitive to the any new physics effects.
Amongst various possibilities the transition at the quark level b → dℓ+ℓ− is more suited than
b → sℓ+ℓ− for purpose of study of CP violation. Here in this work we will discuss the effects
of Supersymmetry on the various experimentally measurable quantities like decay rate, Forward
backward asymmetry, various polarization asymmetries and CP violation asymmetries in exclusive
channels B → πℓ+ℓ− and B → ρℓ+ℓ−. We will be going to focus mainly on the Neutral Higgs boson
effects on these measurements, with a view of eliciting information about possible CP-violating as
well as non-hermitian terms in the effective Hamiltonian.
PACS numbers: 13.20.He, 12.60.Jv, 13.88.+e
I. INTRODUCTION
The rare B meson decays induced by Flavor changing neutral current (FCNC) b → s(d) transition offer a deeper
probe for weak interaction sector of the Standard model (SM) as they go through second order in weak interaction .
These decays can give information regarding the fundamental parameters like Cabbibo-Kobayashi-Maskawa (CKM)
factors, leptonic decay constants etc. These decays can also be very useful in testing out the various new physics
scenarios like 2HDM models [2, 3], MSSM [4, 5, 6, 10, 11]. Among the weak decays of B-meson the leptonic and semi-
leptonic decays are very useful because of their relative cleanness. Among these too the exclusive decays lately have
received special attention [8, 9]. For the semi-leptonic and leptonic decays like B → Xs,dℓ+ℓ−, B → K(K∗)ℓ+ℓ−, B →
πℓ+ℓ−, B → ρℓ+ℓ− etc. the basic quark level process is b→ s(d)ℓ+ℓ− [1]. The basic quark level process b→ s(d)ℓ+ℓ−
occurs through intermediate t, c or u quark. These processes can be described in terms of effective Hamiltonian which
contains the information about short and long distance effects. For the quark level process b → sℓ+ℓ− the various
contributions due to intermediate t, c and u quarks enters in matrix elements with factors VtbV
∗
ts, VcbV
∗
cs and VubV
∗
us.
Off these three factors the third one is extremely small as compared to the first two. The unitarity relationship of
CKM matrix becomes (approximately) VtbV
∗
ts + VcbV
∗
cs ≈ 0, so that the second factor can be written effectively as
the negative of the first one. The Hamiltonian (effective) for b→ sℓ+ℓ− transition thus involves essentially only one
independent CKM factor VtbV
∗
ts and hence the process b→ sℓ+ℓ− is not sensitive to CKM phases within SM. [12].
For the transition b→ dℓ+ℓ− the CKM factors involved VtbV ∗td, VcbV ∗cd and VubV ∗ud are comparable in magnitude and
so the crossection for the processes having the quark level process b→ dℓ+ℓ− can have significant interference terms
between them, and this could open up the possibility of observing the complex CKM factors from the interference
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2terms. In the semi-leptonic decays (having lepton pair in final state ) one can discuss several other kinematical variables
associated with final state leptons, like lepton pair Forward Backward (FB) asymmetry and various polarization
asymmetries. SUSY effects on the FB asymmetries in various exclusive decay modes of B-meson, like B → (π,K)ℓ+ℓ−
[8], B → (π, ρ)ℓ+ℓ− [8, 9], B → ℓ+ℓ−γ [7] have been extensively studied. Sometime back as pointed out by one of us
[13] for inclusive decay mode B → Xdℓ+ℓ− and by Kru¨ger and Sehgal [14] for exclusive mode B → (π, ρ)ℓ+ℓ− that
along with CP violation from partial width asymmetry one can look for CP violation in FB asymmetry also, we will
be going to explore this possibility also.
Along with FB asymmetry associated with final state leptons one can also discuss the three polarization asymme-
tries (longitudinal, normal and transverse) associated with final state leptons in various semi-leptonic decays. The
importance of polarization asymmetries associated with final state leptons in various inclusive and exclusive semi-
leptonic decay modes have been extensively discussed in many works [6, 7, 15, 16] . In this communication, we study
the three possible polarization asymmetries with the idea of exploring CP asymmetries as well as the non hermiticity
of the effective Hamiltonian1 through their measurement.
The paper is organized as follows : In section II we will be going to present the general formalism where we will
be going to write the general effective Hamiltonian and will be going to present our definitions of the FB asymmetry
and polarization asymmetries. Section III will be devoted to the decay mode B → πℓ+ℓ− where we will discuss all
the kinamatical variables associated with this decay mode. In Section IV we will discuss the decay mode B → ρℓ+ℓ−.
Finally we will conclude with results and discussion in section V.
II. GENERAL FORMALISM
The QCD corrected effective Hamiltonian for the decay b→ dℓ+ℓ− in general SUSY model can be written as [5] :
Heff = 4GFα√
2π
VtbV
∗
td
[
10∑
i=1
CiOi +
10∑
i=1
CQiQi − λu { C1[Ou1 −O1] + C2[Ou2 −O2] }
]
, (2.1)
where we have used the unitarity of the CKM matrix VtbV
∗
td + VubV
∗
ud ≈ −VcbV ∗cd, and λu = VubV ∗ud/VtbV ∗td.
Here O1 and O2 are the current current operators, O3, . . . , O6 are called QCD penguin operators and O9 and O10 are
semileptonic electroweak penguin operators [1]. The new operatorsQi(i = 1, . . . , 10) arises due to NHB (Neutral Higgs
Boson) exchange diagrams [3, 5]. In addition to the short distance corrections included in the Wilson coefficients,
there are some long distance effects also, associated with real cc¯ resonances in the intermediate states. This is taken
into account by using the prescription given in [20] namely by using the Breit-Wigner form of the resonances that
adds to Ceff9 :
Cres9 =
−3π
α2
κv
∑
V=J/ψ,ψ′,..
MVBr(V → ℓ+ℓ−)ΓVtotal
(s−M2V ) + iΓVtotalMV
, (2.2)
as we are taking final leptons to be τ so only five resonances of the cc¯ will contribute. The phenomenological factor κv
is taken to be 2.3 for numerical calculations [16] In this work we will be going to use the Wolfenstein parameterisation
[22] of CKM matrix with four real parameters λ,A, ρ and η where η is the measure of CP violation. In terms of these
1 which arises out of the quark loops
3parameters we can write λu as :
λu =
ρ(1− ρ)− η2
(1− ρ)2 + η2 − i
η
(1− ρ)2 + η2 + O(λ
2), (2.3)
From the relevant part of the above effective Hamiltonian eqn.(2.1) we can write the QCD corrected matrix element
as :
M = GFα√
2π
VtbV
∗
td
{
− 2 Ceff7
mb
q2
(d¯iσµνq
νPRb) (ℓ¯γ
µℓ) + Ceff9 (d¯γµPLb) (ℓ¯γ
µℓ) + C10 (d¯γµPLb) (ℓ¯γ
µℓ)
+ CQ1 (d¯PRb) (ℓ¯ℓ) + CQ2 (d¯PRb) (ℓ¯γ5ℓ)
}
, (2.4)
where q is the momentum transfer and PL,R = (1∓γ5)/2, we have neglected mass of d quark. The wilson coefficients
Ceff7 and C10 are given in many works [5, 11, 19] and the other Wilsons CQ1 and CQ2 are given in [4, 5]. The definition
of Ceff9 is given in [9, 13, 17].
The decay rate (for any general three body decay process B → Pℓ+ℓ−) can be evaluated by doing the phase space
integration. On doing the phase space integration we can get
dΓ(B → Pℓ+ℓ−)
dsˆdx
=
mB
29π3
λ1/2(1, sˆ, mˆ2p)
√
1− 4mˆ
2
ℓ
sˆ
|M|2, (2.5)
where sˆ = s/m2B, mˆℓ = mℓ/mB, mˆp = mp/mB are the dimensionless quantities. λ(a, b, c) = a
2 + b2 + c2 − 2ab−
2ac − 2bc . s is the CM energy of ℓ+ℓ− system, mP is the mass of particle labeled as P and z = Cosθ where θ is
the angle between ℓ− and B three momenta in CM frame of ℓ+ℓ−. |M|2 is the matrix element square of the process
under consideration.
From above expression one can get decayrate, FB asymmetry [20] . Decay rate is simply the integration of eqn(2.5)
over the angle z. The definition of the FB asymmetry is [20]:
AFB =
∫ 1
0
dz dΓdsˆdz −
∫ 0
−1
dz dΓdsˆdz∫ 1
0 dz
dΓ
dsˆdz +
∫ 0
−1 dz
dΓ
dsˆdz
, (2.6)
For defining the polarization asymmetries we define the orthogonal unit vectors, S in the rest frame of ℓ− for
the polarization of lepton ℓ− [6, 16] to the longitudinal direction (L), the normal direction (N) and the transverse
direction (T ).
SµL ≡ (0, eL) = (0,
p−
|p−| )
SµN ≡ (0, eN) = (0,
q× p−
|q× p− )
SµT ≡ (0, eT ) = (0, eN × eL) (2.7)
where p− and q are the three momenta of ℓ
− and photon in the center-of-mass (CM) frame of ℓ−ℓ+ system. Now
boosting all the three vectors given in eqn.(2.7), only longitudinal vector will get boosted and rest two (normal and
transverse) will remain the same. Longitudinal vector after boost becomes
SµL = (
|p−|
mℓ
,
E−p−
mℓ|p−| ) (2.8)
Now we can calculate the polarization asymmetries by using the spin projectors for ℓ− as 12 (1 + γ5 6 S). The lepton
polarization asymmetries are defined as :
Px(sˆ) ≡
dΓ(Sx)
dsˆ − dΓ(−Sx)dsˆ
dΓ(Sx)
dsˆ +
dΓ(−Sx)
dsˆ
(2.9)
4with x = L, T, N respectively for longitudinal, transverse and normal polarization asymmetry.
Now ready with the terminology and definitions we will move to the calculations of the various measurable quantities
that we mentioned before.
III. B → πℓ+ℓ− DECAY MODE
In this section we calculate the Branching ratio, FB asymmetry and the polarization asymmetries associated with
the inclusive decay mode B → πℓ+ℓ−. Using the definition of the form factors ( eqn(B1)-(B3) ) we can write down
the matrix element for B¯ → π 2 transition as 3 :
MB¯→π = GFα√
2π
VtbV
∗
td
{
A(pB)µ(ℓ¯γµℓ) + B(pB)µ(ℓ¯γµγ5ℓ) + C(ℓ¯γ5ℓ) + D(ℓ¯ℓ)
}
(3.1)
with
A = Ceff9 F1(q
2) − 2Ceff7 F˜T (q2) (3.2)
B = C10F1(q
2) (3.3)
C = mℓC10
{
−F1(q2) + (m
2
B −m2π)
q2
(F0(q
2)− F1(q2))
}
+
(m2B −m2π)
2mb
F0(q
2)CQ2 (3.4)
D =
(m2B −m2π)
2mb
F0(q
2)CQ1 (3.5)
From the above expression of the matrix element (eqn.(3.1)) we can get the analytical expression of the decay rate as
dΓ(B¯ → πℓ+ℓ−)
dsˆ
=
G2Fm
5
Bα
2
3× 29π5 |VtbV
∗
td|2λ1/2(1, sˆ, mˆ2π)
√
1− 4mˆ
2
ℓ
sˆ
Σπ (3.6)
with
Σπ = λ(1, sˆ, mˆ
2
π)
(
1 +
2mˆ2ℓ
sˆ
)
|A|2 +
[
λ(1, sˆ, mˆ2π)
(
1 +
2mˆ2ℓ
sˆ
)
+ 24mˆ2ℓ
]
|B|2 + 6 sˆ
m2B
|C|2
+ 6
sˆ
m2B
(
1− 4mˆ
2
ℓ
sˆ
)
|D|2 + 12 mˆℓ
mB
(1 + sˆ− mˆ2π) Re(C∗B) (3.7)
The expression of FB asymmetry is :
AFB(B¯ → πℓ+ℓ−) = − 6 mˆℓ λ1/2(1, sˆ, mˆ2π)
√
1− 4mˆ
2
ℓ
sˆ
Re(AD∗)
(mBΣπ)
(3.8)
As we can see from above expression that FB asymmetry is proportinal to the new interactions , i.e. ,NHB contribu-
tions. This is a point which has also been noted in some earlier works [8].
We divide this section in two subsections in the first one we will discuss the CP violation in B → πℓ+ℓ− and in
next subsection we will discuss the polarization asymmetries associated with final state leptons.
2 B¯ actually is B+
3 in writting this we have used ℓ¯ 6 q ℓ = 0 , ℓ¯ 6 qγ5 ℓ = 2mℓ ℓ¯γ5ℓ
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FIG. 1: Branching ratio for B¯ → πτ+τ−. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ)
is taken to be +ve for rSUGRA mA = 306. All masses are in GeV
A. CP violation
Firstly we define CP-violating partial width asymmetry between B and B¯ decay. This is defined as :
ACP (sˆ) =
dΓ
dsˆ − dΓ¯dsˆ
dΓ
dsˆ +
dΓ¯
dsˆ
(3.9)
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FIG. 2: FB asymmetry for B¯ → πτ+τ−. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ)
is taken to be +ve for rSUGRA mA = 306. All masses are in GeV
6where
dΓ
dsˆ
=
dΓ(B¯ → πℓ+ℓ−)
dsˆ
,
dΓ¯
dsˆ
=
dΓ(B → π¯ℓ+ℓ−)
dsˆ
(3.10)
In going from Γ to Γ¯ the only change we have to make is in the expression of Ceff9 . Defining C
eff
9 as :
Ceff9 = ξ1 + λu ξ2 (3.11)
where ξ1 , ξ2 and λu all are complex. In going from B¯ → πℓ+ℓ− to B → π¯ℓ+ℓ−, Ceff9 becomes :
Ceff9 = ξ1 + λ
∗
uξ2 (3.12)
with this change one can get the expression for dΓ¯/dsˆ as :
dΓ(B → π¯ℓ+ℓ−)
dsˆ
=
G2Fm
5
Bα
2
3× 29π5 |VtbV
∗
td|2λ1/2(1, sˆ, mˆ2π)
√
1− 4mˆ
2
ℓ
sˆ
{Σπ + 4 Imλu △π} (3.13)
with
△π =
{
Im(ξ∗1ξ2) |F1(s)|2 − 2 Ceff7 Imξ2 FT (s) F1(s)
mb
(mB +mπ)
}
λ(1, sˆ, mˆ2π)
(
1 +
2mˆ2ℓ
sˆ
)
(3.14)
Using eqn.(3.6),(3.13) and eqn.(3.14) we can get the CP violating partial width asymmetry as :
ACP (sˆ) =
− 2 Imλu △π
Σπ + 2 Imλu△π (3.15)
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FIG. 3: CP violating asymmetry (ACP ) in B¯ → πτ
+τ− and B → π¯τ+τ−. The Wolfenstein parameter we have choosen are :
ρ = −0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be
+ve for rSUGRA mA = 306. All masses are in GeV
As argued in earlier work [13] that by measuring the FB asymmetries of B and B¯ one can observe the CP violating
phase of CKM matrix. We will here give as to how much the predictions of SM would change in SUSY.
7In the discussion of CP violation by measuring FB asymmetry its important to fix the sign of convention. The sign
of FB asymmetry for B and B¯ decays are different. In fact under strict CP conservation :
AFB(B¯) = − AFB(B) (3.16)
So under CP conservation the FB asymmetry of B and B¯ are exactly opposite 4. So any change in eqn.(3.15) will be
measure of CP violation. We define CP violating parameter of FB asymmetry as :
δFB = AFB(B¯ → πℓ+ℓ−) + AFB(B → π¯ℓ+ℓ−) (3.17)
We can get the expression of δFB from the expression of FB asymmetry eqn.(3.8) as :
δFB =
12mˆℓλ
1/2(1, sˆ, mˆ2π)
√
1− 4mˆ2ℓsˆ
mBΣπ(Σπ + 4Imλu△π) Imλu
[
ΣπF1(s)Imξ2
+△π (2Ceff7 F˜T (s) + F1(s) + Imξ2Imλu − F1(s)Reξ1 − F1(s)Reξ2Reλu)
]
(3.18)
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FIG. 4: CP violating asymmetry (δCP ) in B¯ → πτ
+τ− and B → π¯τ+τ−. The Wolfenstein parameter we have choosen are :
ρ = −0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be
+ve for rSUGRA mA = 306. All masses are in GeV
4 we can understand this -ve sign because under CP conjugation not only b↔ b¯ but there is a transformation in leptons also and ℓ+ ↔ ℓ−.
Since the two leptons are emmitted back to back in cm frame of dileptons the FB asymmetry defined in terms of negatively charged
lepton ,ℓ− (for both B and B¯), this changes sign under CP conjugation
8B. Polarization asymmetries
We can also get the expression of the polarization asymmetries in B¯ → πℓ+ℓ− transtion using the formalism given
in section II. The expression of the various polarization asymmetries of ℓ− are :
PL = 0 (3.19)
PT = 0 (3.20)
PN =
π D λ1/2(1, sˆ, mˆ2π)
√
sˆ− 4mˆ2ℓ
Σπ
[
Imξ1 + ImλuReξ2 + Imξ2Reλu
]
(3.21)
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FIG. 5: Normal polarization asymmetry (PN) in B¯ → πτ
+τ− . The Wolfenstein parameter we have choosen are : ρ =
−0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be +ve for
rSUGRA mA = 306. All masses are in GeV
IV. B → ρℓ+ℓ− DECAY MODE
In this section we will calculate the possible measurables associated with the inclusive decay mode B → ρℓ+ℓ−.
Using the defination of the form factors for B → ρ transition given by eqns(C1),(C2),(C3) we can write down the
matrix elment as :
MB¯→ρ =
[
iǫµναβǫ
ν∗pβBq
βA + ǫ∗µB + (ǫ
∗.q)(pB)µC
]
(ℓ¯γµℓ)
+
[
iǫµναβǫ
ν∗pαBq
βD + ǫ∗µE + (ǫ
∗.q)(pB)µF
]
(ℓ¯γµℓ) + G (ǫ∗.q)(ℓ¯ ℓ) + H (ǫ∗.q) (ℓ¯γ5 ℓ) (4.1)
where
A = 4
Ceff7
s
mb T1(s) + C
eff
9
V (s)
(mB +mρ)
(4.2)
9B = − 2 C
eff
7
s
mb (m
2
B −m2ρ) T2(s) −
1
2
(mB +mρ)A1(s)C
eff
9 (4.3)
C = 4
Ceff7
s
mb
{
T2(s) +
s
(m2B −m2ρ)
T3(sˆ)
}
+ Ceff9
A2(s)
mB +mρ
(4.4)
D = C10
V (s)
mB +mρ
(4.5)
E = − 1
2
(mB +mρ)A1(s) (4.6)
F = C10
A2(s)
mB +mρ
(4.7)
G = − CQ1
mρA0(s)
mb
(4.8)
H = − CQ2
mρA0(s)
mb
− C10 mℓA2(s)
mB +mρ
+
2mρmℓ
s
(A3(s)−A0(s)) C10 (4.9)
from the above expression of the matrix element we can get the expression of the partial decay rate :
dΓ(B¯ → ρℓ+ℓ−)
dsˆ
=
G2Fm
5
Bα
2
3× 210π5 |VtbV
∗
td|2 λ1/2(1, sˆ, mˆ2ρ)
√
1− 4mˆ
2
ℓ
sˆ
Σρ (4.10)
with
Σρ = (1 +
2mˆ2ℓ
sˆ
) λ(1, sˆ, mˆ2ρ)
[
4 m2B sˆ|A|2 +
2
m2Bmˆ
2
ρ
(1 + 12
mˆ2ρsˆ
λ(1, sˆ, mˆ2ρ)
)|B|2
+
m2B
2mˆ2ρ
λ(1, sˆ, mˆ2ρ)|C|2 +
2
mˆ2ρ
(1− mˆ2ρ + sˆ)Re(B∗C)
]
+ 4 m2B λ(1, sˆ, mˆ
2
ρ)(sˆ− 4mˆ2ℓ)|D|2
+
2
m2B
[
2(2mˆ2ℓ + sˆ)− 2(2mˆ2ℓ + sˆ)(mˆ2ρ + sˆ) + 2mˆ2ℓ(mˆ4ρ − 26mˆ2ρ + sˆ2) + sˆ(mˆ4ρ + 10mˆ2ρsˆ+ sˆ2)
]
mˆ2ρsˆ
|E|2
+
m2B
2mˆ2ρsˆ
λ(1, sˆ, mˆ2ρ)
[
(2mˆ2ℓ + sˆ)(λ(1, sˆ, mˆ
2
ρ) + 2sˆ+ 2mˆ
2
ρ)− 2
{
2mˆ2ℓ(mˆ
2
ρ − 5sˆ) + sˆ(mˆ2ρ + sˆ)
}]|F |2
−3 4mˆ
2
ℓ − sˆ
mˆ2ρ
λ(1, sˆ, mˆ2ρ)|G|2 + 3
sˆ
mˆ2ρ
λ(1, sˆ, mˆ2ρ)|H |2 +
2λ(1, sˆ, mˆ2ρ)
mˆ2ρsˆ
[
− 2mˆ2ℓ(mˆ2ρ − 5sˆ) + (2mˆ2ℓ + sˆ)
−sˆ(mˆ2ρ + sˆ)
]
Re(E∗F ) +
12mˆℓ
mBmˆ2ρ
λ(1, sˆ, mˆ2ρ)Re(H
∗E) +
2mBmˆℓ
mˆ2ρ
λ(1, sˆ, mˆ2ρ)(1 − mˆ2ρ + sˆ)Re(H∗F ) (4.11)
For B → ρ transition we can find FB asymmetry to be :
AFB(B¯ → ρℓ+ℓ−) =
{
−12λ1/2(1, sˆ, mˆ2ρ)
√
1− 4mˆ
2
ℓ
sˆ
sˆ
[
Re(A∗D) +Re(A∗E)
]
− 3mˆℓλ
1/2(1, sˆ, mˆ2ρ)
mˆ2ρ
√
1− 4mˆ
2
ℓ
sˆ[
2Re(G∗B)
(1 − mˆ2ρ − sˆ)
mB
+Re(G∗C)mBλ(1, sˆ, mˆ
2
ρ)
]}
/Σρ (4.12)
We will discuss the CP violation in B → ρ transition and discuss the polarization asymmetries associated with final
state lepton in next subsections.
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A. CP violation
To find out the CP violating partial width asymmetry we requir the expression of the partial width of B → ρ¯ℓ+ℓ−.
The expression of partial decay rate for B → ρ¯ℓ+ℓ− is :
dΓ(B → ρ¯ℓ+ℓ−)
dsˆ
=
G2Fm
5
Bα
2
3× 210π5 |VtbV
∗
td|2 λ1/2(1, sˆ, mˆ2ρ)
√
1− 4mˆ
2
ℓ
sˆ
(Σρ + 4 Imλu △ρ) (4.13)
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FIG. 7: FB asymmetry for B¯ → ρτ+τ−. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ)
is taken to be +ve for rSUGRA mA = 306. All masses are in GeV
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FIG. 8: CP violating asymmetry (ACP ) in B¯ → ρτ
+τ− and B → ρ¯τ+τ−. The Wolfenstein parameter we have choosen are :
ρ = −0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be
+ve for rSUGRA mA = 306. All masses are in GeV
with
△ρ =
[
Im(ξ∗1ξ2)
{
4sˆ
|V (s)|2
1 + mˆ2ρ
+ (1 + mˆ2ρ)
(
6sˆ
λ(1, sˆ, mˆ2ρ)
+
1
2mˆ2ρ
)
|A1(s)|2 +
λ(1, sˆ, mˆ2ρ)
2mˆ2ρ(1 +mρ)
2
|A2(s)|2
− 1− mˆ
2
ρ − sˆ
mˆ2ρ
A1(s)A2(s)
}
+ 2
Ceff7 mˆb
sˆ
Im(ξ2)
{
8
T1(s)V (s)sˆ
1 + mˆρ
+ 2A1(s)T2(s)(1 + mˆρ)
2(1− mˆρ)
(
6
sˆ
λ(1, sˆ, mˆ2ρ)
+
1
2mˆ2ρ
)
+ A2(s)
(
T2(s) +
sˆ
1− mˆ2ρ
T3(s)
)
λ(1, sˆ, mˆ2ρ)
mˆ2ρ(1 + mˆρ)
−(1 + mˆρ)A1(s)
(
T2(s) +
sˆ
1− mˆ2ρ
T3(s)
)
1− mˆ2ρ − sˆ
mˆ2ρ
+ A2(s)T2(s)(1 − mˆρ)
1− mˆ2ρ − sˆ
mˆ2ρ
}]
(1 +
2mˆ2ℓ
sˆ
)λ(1, sˆ, mˆ2ρ) (4.14)
plugging in the expressions of differential decay rate of B¯ → ρℓ+ℓ− and B → ρ¯ℓ+ℓ− given by eqn(4.10) and eqn(4.13)
respectively we can get the expression of partial width CP asymmetry :
ACP (sˆ) =
−2 Imλu △ρ
Σρ + 2 Imλu △ρ (4.15)
with Σρ and △ρ as given in eqn(4.11) and eqn(4.14).
Another measure of CP violation could be the sum of the FB asymmetries of B¯ → ρℓ+ℓ− and B → ρ¯ℓ+ℓ−. One can
calculate this by use of eqn(4.12) for B¯ → ρℓ+ℓ− and for B → ρ¯ℓ+ℓ− by making appropiate change in the expression
of Ceff9 . The final expression is :
δFB = AFB(B¯ → ρℓ+ℓ−) + AFB(B → ρ¯ℓ+ℓ−)
= − 6 λ1/2(1, sˆ, mˆ2ρ)
√
1− 4mˆ
2
ℓ
sˆ
Imλu
[
Imξ2 Γ1 − 2 △ρ
{
Re(Ceff9 )Γ1 +
2 Ceff
7
mˆb
sˆ Γ2
}]
Σρ (Σρ + 4 Imλu △ρ) (4.16)
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FIG. 9: CP violating asymmetry (δCP ) in B¯ → ρτ
+τ− and B → ρ¯τ+τ−. The Wolfenstein parameter we have choosen are :
ρ = −0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be
+ve for rSUGRA mA = 306. All masses are in GeV
with Γ1 and Γ2 given as :
Γ1 = 4sˆA1(s)V (s)C10 −
mˆℓ(1 − mˆ2ρ − sˆ)(1 + mˆρ)
2mˆρmˆb
A0(s)A1(s)CQ1 +
mˆℓλ(1, sˆ, mˆ
2
ρ)
mˆρmˆb(1 + mˆρ)
A0(s)A2(s)CQ1 (4.17)
Γ2 = 4sˆT2(s)V (s)(1 − mˆρ)C10 + 4sˆ(1 + mˆρ)A1(s)T1C10 −
(1− mˆ2ρ − sˆ)(1 − mˆ2ρ)mˆℓ
mˆρmˆb
A0(s)T2(s)CQ1
2λ(1, sˆ, mˆ2ρ)mˆℓ
mˆρmˆb
A0(s)
(
T2(s) +
sˆ
1− mˆ2ρ
T3(s)
)
CQ1 (4.18)
B. Polarization asymmetries
Finally we calculate the three polarization asymmetries namely longitudinal, transverse and normal, for B¯ → ρℓ+ℓ−.
Longitudinal Polarization asymmetry (PL) is :
PL =
{
24 Re(A∗B) (1− mˆ2ρ − sˆ)sˆ
(
−1 +
√
1− 4mˆ
2
ℓ
sˆ
)
+ 4 m2B λ(1, sˆ, mˆ
2
ρ)sˆ
√
1− 4mˆ
2
ℓ
sˆ
Re(A∗D)
+
1
mˆ2ρ
(
3 +
√
1− 4mˆ
2
ℓ
sˆ
)[
2 Re(B∗E)(1 + mˆ4ρ + 2mˆ
2
ρsˆ+ sˆ
2 − 2(mˆ2ρ + sˆ))
+ m2BRe(C
∗E)(1− 3(mˆ2ρ + sˆ)− (mˆ2ρ − sˆ)2(mˆ2ρ + sˆ) + (3mˆ4ρ + 2mˆ2ρsˆ+ 3sˆ2))
]
+
1
mˆ2ρ
(
Re(B∗F )(1− mˆ2ρ − sˆ) + Re(C∗F )m2Bλ(1, sˆ, mˆ2ρ)
) [(
3 +
√
1− 4mˆ
2
ℓ
sˆ
)
(1 + mˆ2ρ(mˆ
2
ρ − sˆ)− 2mˆ2ρ)
+
(
3− 7
√
1− 4mˆ
2
ℓ
sˆ
)
sˆ(mˆ2ρ − sˆ)− 8sˆ
√
1− 4mˆ
2
ℓ
sˆ
]}
/Σρ (4.19)
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FIG. 10: Longitudinal Polarization asymmetry (PL) in B¯ → ρτ
+τ−. The Wolfenstein parameter we have choosen are :
ρ = −0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be
+ve for rSUGRA mA = 306. All masses are in GeV
Normal Polarization asymmetry (PN ) is :
PN = λ
1/2(1, sˆ, mˆ2ρ)
√
(sˆ− 4mˆ2ℓ)π
[
2Im(E∗F )
1 + mˆ2ρ − sˆ
mˆ2ρ
+ 2Im(A∗E + B∗D)
+
1
4mˆ2ρ
{
2(1− mˆ2ρ − sˆ)Im(G∗B) +m2Bλ(1, sˆ, mˆ2ρ)Im(G∗C)
} ]
(4.20)
finally Transverse Polarization asymmetry (PT ) is :
PT = λ
1/2(1, sˆ, mˆ2ρ)
√
sˆ mˆℓ π
[
− 4 Re(A∗B)
+
1
4mˆ2ρsˆ
{
2
(
2(1− mˆ2ρ − sˆ)Re(B∗E) + m2Bλ(1, sˆ, mˆ2ρ)Re(C∗E)
)} ]
(4.21)
V. RESULTS AND DISCUSSION
We have performed the numerical analysis of all the kinematical variables which we have evaluated in Section III
and Section IV.
For our numerical analysis we would be using the Minimal Supersymmetric Standard Model (MSSM), which is the
simplest (and the one having the least number of parameters) extension of the SM. Actually MSSM itself has fairly
large number of parameters which makes it difficult to do phenomenology with it. We therefore resort to models
which reduces the large parameter space of MSSM to a manageable level. The models which are around includes
minimal Supergravity (mSUGRA), no-scale, dilaton etc. models. For our analysis we will be going to use Supergravity
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(SUGRA) model. The basic features of all these models is that they assume some sort of unification of the parameters
at some unifying scale. In the numerical analysis of SUGRA models (both mSUGRA and rSUGRA) the parameters
we have choosen satisfies the radiative electroweak symmetry breaking condition.
In mSUGRA model unification of all the scalar masses, all gaugino masses and all coupling constants unification
is assumed at GUT scale. So effectively we would be left with five parameters (over the SM parameters) at GUT
scale they are : m (unified mass of all the scalars), M (unified mass of all the gauginos), A (unified trilinear coupling
constants), tanβ (the ratio of vacuum expectation values of the two Higgs doublets) and finally the sgn(µ) 5. As
emphasized in many works [4, 6, 10] the universality of the scalar masses is not a necessary requirement and one can
relax this. The only constraint for this relaxation if K0 − K¯0 mixing. To suppress this mixing it is sufficient to give
unified scalar mass to all the squarks but the Higgs sector can be given a different unified mass. We will be going to
explore sort of SUGRA model also, which we will be going to call as rSUGRA (or simply SUGRA) model. In this
sort of model we will take mass of the pseudo-scalar Higgs to be another parameter. For our MSSM parameter space
analysis we will be going to take 95% CL bound [21] :
2× 10−4 < Br(B → Xsγ) < 4.5× 10−4
which is in agreement with CLEO and ALPEH results. As we are more interested in finding out the effects of NHBs
and as well emphasized in literature that these effects becomes more profound when the final state leptons are τ [18].
So we will be going to take the final state leptons to be τ here.
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FIG. 11: Normal Polarization asymmetry (PN ) in B¯ → ρτ
+τ−. The Wolfenstein parameter we have choosen are : ρ =
−0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be +ve for
rSUGRA mA = 306. All masses are in GeV
5 our sign of convention of µ is such that µ enters the chargino mass matrix with positive sign
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FIG. 12: Transverse Polarization asymmetry (PT ) in B¯ → ρτ
+τ−. The Wolfenstein parameter we have choosen are : ρ =
−0.07 , η = 0.34. Other parameters are : mSUGRA m = 200 , M = 450 , A = 0 , tan β = 35 , sgn(µ) is taken to be +ve for
rSUGRA mA = 306. All masses are in GeV
Our results are summarized in Figures 1 - 12, where the spikes in the distributions are because of the charm
resonances as given in eqn.(2.2).For B → πτ+τ−, in Figure(1) we have plotted the variation of Branching ratio with
the scaled cm energy of the dileptons. As we can see from the graphs the deviation from the respective SM values
is fairly large for almost the whole region of invariant dilepton mass. The deviation is more profound for SUGRA
model then mSUGRA model. In Figure(2) we have plotted the FB asymmetry for the transition. As has already
been noted in earlier works [8] that in SM the FB asymmetry vanishes. But if we consider SUSY then one can have
a finite value of FB asymmetry. So any observation of FB asymmetry in this decay mode (B → πτ+τ−) should be a
clear signal of new physics. In Figure(3) we have given the estimates of the CP violating partial width asymmetry.
As expected from the result of eqn(3.15) the new wilson coefficients doesn’t give any contributions to the numerator
of the asymmetry but the denominator (which essentially is the decay rate) gets contributions from NHBs and hence
the results that NHB effects actually lowers the SM estimates of the CP violating partial width asymmetry. The
reduction is more for SUGRA model where all the scalar masses are not unified, in this case one can take Higgs mass
to be also a parameter 6. The new Wilson coefficients CQ1 and CQ2 crucially depends on Higgs mass and if Higgs mass
is low their value is high. In SUGRA model one can have relatively lower Higgs mass and hence high value of new
Wilsons and hence high partial decay rate which effectively reduces the CP violating partial width asymmetry. But
there exists another measure of CP violation which is the sum of the FB asymmetries of B¯ → πℓ+ℓ− and B → π¯ℓ+ℓ−.
This is a sort of measurement which can be done in a environment having equal numbers of B and B¯ pairs and as
argued earlier [13] doesn’t require any tagging. The important point over here is that FB asymmetry in this decay
is zero in SM and hence the sum of the FB asymmetries of B¯ → πτ+τ− and B → π¯τ+τ−. So the parameter δFB
(which we have introduced in eqn(3.17) is zero. But if we consider SUSY then this parameter can have a finite value.
6 here we have taken pseudo-scalar Higgs mass to be a parameter and all the rest Higgs masses can be evaluated in terms of this
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TABLE I: Integrated kinematical variables for B → πτ+τ−. The parameters of mSUGRA and rSUGRA are same as given in
Figures(1) - (5)
Variable SM mSUGRA rSUGRA
dΓ/dsˆ× 108 2.6 3.43 5.04
AFB × 10 0 - 0.224 - 0.228
ACP × 10
2 0.51 0.2 0.1
δFB × 10
3 0 - 0.6 - 0.9
PN × 10
2 0 0.96 0.99
In fact as we have shown in Figure(4) δFB is more for SUGRA model then mSUGRA model (which is contrary to
the partial width CP asymmetry). So this quantity could also turn out to be important probe for new physics. In
Figure(5) we have plotted the normal polarization asymmetry of the final state lepton ℓ−. As we can see from the
expression of eqn(3.21) the value of PN is zero in SM. So the observation of non-zero PN could also be interpreted as
signal of some new physics 7. Rest two polarization asymmetries the longitudinal (PL) and transverse (PT ) vanishes
with or without NHBs.
In Figure(6) we have plotted the Branching ratio of B¯ → ρτ+τ− with scaled invariant mass of dileptons. As we can
see there is a fairly large deviation from the SM value. In Figure(7) we have plotted the variation of FB asymmetry
with sˆ again one can observe the variation of mSUGRA and SUGRA results from SM values. Both the partial decay
rate and FB asymmetry increase as compared to SM values in both mSUGRA and SUGRA models. In Figure(8) we
have plotted the CP violating partial width asymmetry. As we can see that here the predictions of mSUGRA and
SUGRA model gets decreased as compared to the SM value. The reason is the same as explained for B → πτ+τ−
transition. But again here if we look at the CP violation through FB asymmetry (Figure(9) and we have the same
effect as there in B → πτ+τ− the SUGRA models increases values of as compared to SM values. Although here the
SM values of FB asymmetry as well as δFB is not zero but still SUGRA models gives a enhancement of more than a
order (, i.e. ,about a factor of 10) for almost whole region of the invariant dileptonic mass. In Figures(10),(11),(12)
we have plotted the Longitudinal (PL), Normal (PN ) and Transverse (PT ) polarization respectively respectively. All
the three shows variation from SM values but the general tend is that all these polarization asymmetries tends to
decrease in SUGRA models as compared to SM values for almost whole region of invariant mass. For all the plots we
have taken the variation of all the kinematical variables with the dileptonic invariant mass because the variation with
respect to (wrt) invariant mass has more information than the result which we get after integrating over the invariant
mass and also the variation of kinematical variables wrt invariant mass are in principle accessible experimentally.
In future B-factories (like Tevatron and LHCb) more than 1011, bb¯ pairs are expected to be produced [21]; this is
many orders more than the projected yeild at the e+e− B factories, so these processes can be observed and some of
the measurable quantities in these processes can be estimated. These processes (B → πℓ+ℓ− and B → ρℓ+ℓ−) are
useful because they are relatively clean (both theoretically and experimentally). Also if there is no new source of CP
violation (except CKM phase) then dileptonic decays B → πℓ+ℓ− and B → ρℓ+ℓ− should be the first one where CP
violation would be observed. As we can see from the Tables I, II that the kinematical variables of B → ρτ+τ− looks to
be more promising because of their magnitude. But in B → πτ+τ− there are some distributions like FB-asymmetry,
7 PN is a T-odd observable which comes because of the non-hermiticity of the effective Hamiltonian, associated with the real cc¯ intermediate
states, so it can’t be taken as a measure of CP violation
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TABLE II: Integrated kinematical variables for B → ρτ+τ−. The parameters of mSUGRA and rSUGRA are same as given in
Figures(6) - (12)
Variable SM mSUGRA rSUGRA
dΓ/dsˆ× 108 3.9 4.4 5.0
AFB × 10 -0.72 - 0.60 - 0.32
ACP × 10 0.13 0.09 0.04
δFB 0.0003 - 0.11 - 0.18
PL 0.109 0.0924 0.055
PN × 10 0.16 0.14 0.1
PT 0.17 0.14 0.07
δFB and PN which vanishes in SM but gives finite (although small) values with SUSY. This point has already been
noted about FB-asymmetry in many other earlier works [8]. The same phenomena occurs for δFB and PN .
Finally our conclusions regarding SUSY effects over a wide range ot SUSY parameters can be summarized as :
1. Branching Ratios : The branching ratios for both B → πτ+τ− and B → ρτ+τ− shows large deviation from
respective SM values for almost whole region of the invariant mass.
2. FB asymmetry : FB asymmetry for B → πℓ+ℓ− vanishes within SM. A non-vanishing FB asymmetry for
B → πℓ+ℓ− clearly gives indications of some new physics. FB asymmetry for B → ρℓ+ℓ− shows significant
increase in mSUGRA and rSUGRA models as compared to SM values.
3. CP violating partial width asymmetry (ACP ) : The predictions of mSUGRA and SUGRA models is to
reduce this asymmetry for both B → πτ+τ− and B → ρτ+τ− as compared to SM values.
4. CP violation from FB asymmetry (δFB) : This observable vanishes in SM for B → πτ+τ− a non-vanishing
value of this clearly indicates new physics effects. For B → ρτ+τ− the SM value prediction is very low, both
SUGRA and mSUGRA can give enhancement of over a order almost for whole region of scaled dilepton invariant
mass.
5. Polarization asymmetries : For B → πτ+τ− all the three polarization asymmetries (longitudinal, normal
and transverse) vanishes in SM. If we include NHB effects then although longitudinal and transverse still remains
zero the normal polarization asymmetry becomes non-zero. So observation of normal polarization asymmetry
can still be regarded as evidence for new physics. For B → ρℓ+ℓ− all the three polarization asymmetries
decreases, with respect to their respective SM values, by switching on the NHB effects.
The observation of the decay modes B → πℓ+ℓ− and B → ρℓ+ℓ− can be expected to be a very useful tool for the
search of new physics effects as well as for the measurement of the CP violating parameters of CKM matrix.
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APPENDIX A: INPUT PARAMETERS
mu = md = 10 MeV
mb = 4.8 GeV , mc = 1.4 GeV mt = 176 GeV
mB = 5.26 GeV , mπ = 0.135 GeV , mρ = 0.768 GeV
|VtbV ∗td| = 0.011 , α = 1129 , GF = 1.17× 10−5 GeV−2
mτ = 1.77 GeV , τB = 1.54× 10−12 s
Wolfentein parameters : ρ = − 0.07 , η = 0.34
APPENDIX B: FORM FACTORS FOR B → π TRANSITION
We will be going to use the form factors given by Coleangelo et. al. [23] :
〈π(pπ)|d¯γµPL,Rb|B(pB)〉 = 1
2
{
(2pB − q)µF1(q2) + m
2
B −m2π
q2
qµ(F0(q
2)− F1(q2))
}
(B1)
〈π(pπ)|d¯iσµνqνPL,Rb|B(pB)〉 = 1
2
{
(2pB − q)µ − (m2B −m2π)qµ
} FT (q2)
mB +mπ
(B2)
To get the matrix element for scalar current we multiply eqn.(B1) by qµ we get
〈π(pπ)|d¯PRb|B(pB)〉 = 1
2mb
(m2B −m2π)F0(q2) (B3)
where we have neglected the mass of d-quark.
The defination of the Form factors F0, F1 and FT are
8 (q2 in the units of GeV2) :
F0(q
2) =
F0(0)
1− q2/72
F1(q
2) =
F1(0)
1− q2/5.32
FT (q
2) =
FT (0)
(1− q2/72) (1− q2/5.32)
F˜T (q
2) =
FT (q
2)
(mB +mπ)
mb (B4)
with F0(0) = 0 , F1(0) = 0.25 and FT (0) = − 0.14
APPENDIX C: FORM FACTORS FOR B → ρ TRANSITION
For B → ρ transition we will be going to use the form factors given by Colangelo et. al. [23] :
〈ρ(pρ)|d¯γµPLb|B¯(pB)〉 = iǫµναβǫν∗pαBqβ
V (q2)
mB +mρ
− 1
2
{
ǫµ(mB +mρ)A1(q
2)
−(ǫ∗.q)(2pB − q)µ A2(q
2)
mB +mρ
− 2mρ
q2
(ǫ∗.q)
[
A3(q
2)−A0(q2)
]}
(C1)
8 All the three F0 , F1 and FT are not independent. FT can be related to F0 and F1 by equation of motion and the relationship works
out to be FT = (mB +mπ)mb
F0−F1
q2
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〈ρ(pρ)|d¯iσµνqνPR,Lb|B¯(pB)〉 = −2iǫµναβǫν∗pαBqβT1(q2)±
[
ǫ∗µ(m
2
B −m2ρ)− (ǫ∗.q) (2 pB − q)µ
]
T2(q
2)
±(ǫ∗.q)
[
qµ − q
2
m2B −m2ρ
(2pB − q)µ
]
T3(q
2) (C2)
where A3 can be written in terms of A1 and A2, , i.e. ,
A3(q
2) =
mB +mρ
2mρ
A1(q
2)− mB −mρ
2mρ
A2(q
2) (C3)
In above equations ǫ is the polarization vector of ρ and q = pB − pρ is the momentum transfer.
To get the matrix elment for scalar (or pseudoscalar) current we multiply both sides of eqn.(C1) by qµ. On
simplifying we get :
〈ρ(pρ)|d¯PRb|B(pB)〉 = − mρ
mb
(ǫ∗.q)A0(q
2) (C4)
The defination of the form factors is 9 (q2 in units of GeV2) :
V (q2) =
V (0)
1 − q2/52
A1(q
2) = A1(0) ( 1 − 0.023 q2)
A2(q
2) = A2(0) (1 + 0.034 q
2)
A0(q
2) =
A3(0)
1 − q2/4.82
T1(q
2) =
T1(0)
1 − q2/5.32
T2(q
2) = T2(0) (1 − 0.02 q2)
T3(q
2) = T3(0) (1 + 0.005 q
2) (C5)
with V (0) = 0.47 , A1(0) = 0.37 , A2(0) = 0.4 , A0(0) = 0.3 , T1(0) = 0.19 , T2(0) = 0.19 , T3(0) = − 0.7.
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